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Gonad morphogenesis in Caenorhabditis elegans
requires two secreted proteases. Recent studies
show that alterations of the extracellular matrix
component fibulin-1 rescue gonadogenesis in the
absence of these proteases. This finding is a critical
step toward understanding the role of extracellular
matrix in organogenesis.
Metazoan development requires coordination
between the cells forming the organ or tissue and the
surrounding extracellular matrix, a protein network
that provides a framework for cell adhesion and
signaling. Two papers in this issue of Current Biology
[1,2] increase our understanding of the role of
interactions between cells and the extracellular matrix
in gonad morphogenesis in the hermaphrodite
nematode Caenorhabditis elegans. 
Gonad morphogenesis in C. elegans depends on
migration of two specialized gonadal leader cells, the
distal tip cells [3]. As organogenesis proceeds, the
distal tip cells migrate away from the gonad
primordium along the ventral extracellular matrix; one
distal tip cell migrates toward the anterior and one
toward the posterior (Figure 1A,B). In response to
specific signals, the distal tip cells then turn to the
dorsal side (Figure 1C) and migrate back toward the
middle resulting in a mirror image U-shape (Figure 1D)
[4]. The extracellular matrix provides a substrate for
migration of the distal tip cells, but it also contains a
variety of directional cues that, in conjunction with
other factors, control the timing and positions of
turning and stopping of these migrating cells [5].
In C. elegans, the extracellular matrix is a basement
membrane composed of laminins, type IV collagen,
perlecan and SPARC [6]. The specific composition
varies during development to regulate cell migration,
differentiation and survival [7,8]. The distal tip cells
migrate on basement membrane laid down by body
wall muscle cells. An additional basement membrane
is also deposited around the gonad primordium. While
it is clear that integrin and netrin receptors, matrix
metalloproteases and the extracellular matrix
components laminin and perlecan are required for
distal tip cell migration [5,6,9], many questions remain
about the specific mechanisms by which they act.
Earlier work by the Kimble [10] and Nishiwaki [11]
groups implicated the gon-1 and mig-17 genes in
gonad morphogenesis. Null mutants of gon-1 show no
distal tip cell migration or gonad arm extension
(Figure 1A) [10,12]. In contrast, mig-17 mutants have
normal distal tip cell migration along the ventral
surface, but after the distal tip cell turns toward the
dorsal surface (Figure 1C), migration becomes erratic,
resulting in a gonad that does not have the typical U-
shape. MIG-17 protein is secreted by muscle cells, but
then localizes to the gonad once the distal tip cells
begin migrating toward the dorsal side [11,13]. GON-
1 is produced by both distal tip cells and muscle cells.
Restoring GON-1 expression in the distal tip cells, but
not muscle cells, allows normal gonad arm extension,
but arm diameter is irregular. Conversely, GON-1
expression only in muscle cells yields no distal tip cell
migration but leads to expansion of the diameter of
the gonad primordium. It would appear that GON-1
regulates two activities during gonad morphogenesis:
cell migration and width control [10,12].
GON-1 and MIG-17 are both related to a large family
of secreted zinc metalloproteases called ADAMTS —
named for presence of ‘a disintegrin and metallopro-
teinase domain with thrombospondin type-1 modules’.
Strong conservation of these domains in GON-1 and
MIG-17 suggests that they have proteolytic activity
[10,13,14]. To determine the targets of these proteases,
Hesselson et al. [1] systematically evaluated several
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Figure 1. Migration of distal tip cells in C. elegans. 
The positions of the gonad primordium and areas of mig-17
and gon-1 activity are indicated. D, dorsal; V, ventral. (A) The
gonad primordium with two distal tip cells develops on the
ventral surface of the nematode. (B) Distal tip cells migrate in
opposite directions on the ventral extracellular matrix. This
motility is dependent upon GON-1 activity. (C) The distal tip
cells turn to the dorsal surface. (D) Migration back toward the
middle of the animal completes the U-shape. Motility on the
dorsal extracellular matrix is dependent on MIG-17 activity.
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extracellular matrix proteins for the ability to rescue the
gon-1 mutant phenotype, while Kubota et al. [2] con-
ducted a mutagenesis screen for suppressors of the
mig-17 phenotype. Somewhat surprisingly, both
studies homed-in on the same protein — an extracel-
lular matrix component called fibulin-1/FBL-1.
Fibulins are a family of calcium-binding extracellular
matrix proteins that interact with other extracellular
matrix components, including nidogen, laminin, elastin
and fibronectin [15]. Fibulins play a role in cell fate
determination, migration and proliferation. Targeted
inactivation of fibulin-1 in mice causes embryonic
lethality as a result of a combination of lung and heart
defects and ruptured blood vessels [16]. In C. elegans,
a fusion protein consisting of FBL-1 linked to the
green fluorescent protein (GFP) was seen to accumu-
late around the gonad arms, where it may contribute
to tissue integrity. With loss of this protein by deletion,
distal tip cells follow a U-shaped trajectory, but abnor-
mally distended gonad arms result, preventing the
distal tip cells from completing migration to the middle
of the animal [1].
Hesselson et al. [1] have discovered a reciprocal
relationship between GON-1 and FBL-1. Depletion of
FBL-1 rescued gonad arm elongation in the gon-1
mutant, and loss of GON-1 in the fbl-1 mutant rescued
the gonad arm shape defects. This finding suggests
an antagonistic relationship in which GON-1 permits
elongation of the gonad arms, while FBL-1 prevents it.
Whereas a loss-of-function allele of fbl-1 suppressed
some of the gon-1 defects, Kubota et al. [2]
demonstrated, in an elegant series of experiments,
that gain-of-function alleles could suppress the mig-
17 phenotype. Dominant alleles of fbl-1 might act by
disrupting extracellular matrix organization or in some
other way mimicking the effects of proteolytic
cleavage by MIG-17, thereby allowing the distal tip
cells to migrate without MIG-17 action.
Do GON-1 and MIG-17 cleave FBL-1? Gene
expression patterns and observations with GFP
fusions show that these proteins colocalize on the
gonad and within the surrounding extracellular matrix.
Furthermore, a membrane-tethered form of MIG-17
produced in distal tip cells rescues mig-17 mutants
and promotes gonad localization of FBL-1 [2]. But
specific FBL-1 fragments, as one might expect would
be produced by proteolysis, have not been detected
in nematode extracts. In this regard, phenotypes
caused by mutations in the putative catalytic domains
of GON-1 or MIG-17 might be quite revealing. An alter-
native mechanism is suggested by studies with mam-
malian proteins: ADAMTS-9, the vertebrate homolog
of GON-1, cleaves aggrecan and versican, two extra-
cellular matrix proteoglycans that also bind to fibulin-
1 [17]. So proteoglycans or other extracellular matrix
components associated with FBL-1, rather than FBL-
1 itself, may be the functional targets of GON-1 and/or
MIG-17 in C. elegans. 
How do alterations in FBL-1 relieve the need for
GON-1 and MIG-17? In vertebrates, fibulin-1 is an inte-
gral part of different types of extracellular matrix [15].
Complete loss of FBL-1 in C. elegans might have
global effects on extracellular matrix architecture,
clearing a path or exposing guidance cues and thereby
promoting distal tip cell movement. It would be inter-
esting to see the impact of loss of FBL-1 on
laminin/EPI-1 and perlecan/UNC-52 in the surrounding
matrix. Another possibility is that FBL-1 affects distal
tip cell adhesion. In cell culture, fibulin-1 reduced cell
attachment, spreading and motility on the extracellular
matrix glycoprotein fibronectin via effects on the actin-
myosin cytoskeleton [18]. Although C. elegans lacks
fibronectin, anti-adhesive activity of FBL-1 on other
matrix components could be a competing force with
GON-1 in distal tip cell migration and gonad arm width
as well as account for the random migration seen in
the absence of MIG-17 activity.
The ability of an alteration in an extracellular matrix
protein to rescue the function of an ADAMTS protease
is an important step toward understanding the
mechanisms by which cells and developing organs
interact with the extracellular matrix. The C. elegans
gonad serves, not only as a model of gonadogenesis,
but also as a microcosm of many organogenic events.
Future advances in understanding developmental
processes of this type, with practical applications in
tissue engineering, will rely heavily upon interactions
and coordination with the extracellular matrix. Further
studies on C. elegans should help to clarify this path.
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